This study examined whether the efficiency measures were invariant to choice of parametric and nonparametric methods for a sample of 183 wheat farms. The efficiency measures from the deterministic parametric method were smaller than those from the deterministic nonparametric method. There was a trade-off between scale efficiency and economic efficiency. In the deterministic nonparametric method, the economic efficiency, scale efficiency and overall efficiency results were invariant to the number of inputs or the dimensionality. Only allocative and pure technical efficiency measures depended on the dimensionality. The cost function under stochastic frontier was the maximum in comparison with deterministic results. Cost efficiency relative to a cost frontier, which measures inefficiency, after being inversed to a percentage measurement with imposed curvature, was highly positively correlated with economic efficiency in deterministic parametric method. Cost efficiency was bigger than economic efficiency from deterministic parametric method and its relationship with economic efficiency in deterministic nonparametric method was ambiguous. This work illustrated the importance of holding curvature for the cost function in stochastic frontier results.
Introduction
Association (KFMA) is used to examine the efficiency of Kansas farms, the largest producer of wheat in the U.S.. This paper examines whether efficiency estimates are sensitive to the choice of study approaches. Moreover, it compares the results of both parametric and nonparametric approaches for consistent results.
Debate about the extent to which efficiency measures are sensitive to approach was studied by Bravo-Ureta et.al (2007) who undertook a meta-regression analysis examining 167 farm level frontier technical efficiency studies in developing and developed countries.
Technical efficiency gains came from the improvements in decision-making. Country effects on mean technical efficiency (MTE) varied by regional and income variables.
Results also suggested that MTE estimates from the stochastic frontier model were lower than estimates of the non-parametric deterministic model. MTE estimates from the parametric deterministic frontier model were lower than estimates of the stochastic approach.
Wadud and White (2000) found that the selection of methodology used to measure TE was arbitrary and based on the objective of the empirical study and the data available.
They also suggested that the choice of specific methodology might affect the estimated efficiency scores, especially technical efficiency. Existing literature on studying the variability of cost efficiency measures to research approaches are limited.
Frontier function methodology is consistent with economic theory, and therefore it is a popular tool in applied production analysis. There are two basic types of production frontier models, parametric and nonparametric. It was argued by Greene (1993) that any one-sided measurement error embedded in the dependent variables was the reason for efficiency measurement to be sensitive to outliers, that could be a problem with the deterministic frontier. The nonparametric method or Data Envelopment Analysis (DEA) does not require a specific functional form and therefore has some advantages over parametric methods. However, this mathematical programming-based technology also has the drawback of being sensitive to outliers and the number of observations and, furthermore, the dimensionality of the frontier (Rammanathan 2003) . This paper uses the deterministic parametric production frontier, stochastic frontier and deterministic nonparametric production frontier to measure efficiency on wheat enterprise data over The study shows the efficiency measures are variant to the choice of parametric and nonparametric methods. The efficiency measures from the deterministic parametric method are smaller than those from the deterministic nonparametric method. There is a tradeoff between scale efficiency and economic efficiency. Scale efficiency and overall efficiency compliment each other in explanation. There are high economic efficiency correlations between parametric and nonparametric measures. In the deterministic nonparametric method, the economic efficiency, scale efficiency and overall efficiency results are invariant to the number of inputs or the dimensionality. Only allocative and pure technical efficiency measures depend on the dimensionality. The cost function under stochastic frontier is the maximum in comparison with deterministic results. Cost efficiency relative to a cost frontier, which measures inefficiency, after being inversed to a percentage measurement with imposed curvature, is highly positively correlated with economic efficiency in deterministic parametric method. Imposing curvature in the cost function in stochastic frontier results significantly improves the comparability of cost efficiency measurement with deterministic method results.
Data and Analysis
Wheat enterprise data from 2003 to 2007, provided by the KFMA, is used for this analysis on 183 sample Kansas farms. The KFMA individual originally collected data of 24 input categories, and had been reclassified into data with nine input categories on capital including repairs, interest paid, machinery hired, undivided auto, cash farm rent, depreciation, and interest charge; Labor includes unpaid operational labor and hired 
The error terms, e i ,are constrained to be greater than or equal to zero with an objective function:
s.t. : Table 3 .
Stochastic Frontier Production Estimation
Due to its relationship with the theoretical definition of a cost function relating the minimum cost attainable from producing a set of outputs, stochastic frontier cost estimation is preferred to ordinary least-squares estimation (Coelli 1992) . Unless otherwise specified, the stochastic frontier production estimation is constructed in a similar way to Coelli (1996) .
With the cost function specified in equation 1, a stochastic frontier cost function with the error term specified by Coelli (1996) as observable V i + U i , i = 1...183 can be expressed as:
The unobservable U i is closely related to the cost of inefficiency, a one-sided component, and it measures how far the firm is operating above the stochastic cost frontier; V i is the measure of measurement error, a two-sided symmetric term. The efficiency measure relative to a cost frontier is referred as "cost" efficiency in Coelli (1996) approach. To correctly impose the curvature, the linear term β 1 Output i is dropped from the stochastic cost function.
Employing of iterative methods, the non-linear log-likelihood function of the stochastic 
The efficiency relies on the value of unobservable U i being predicted, which can be achieved by the derived conditional expectation of U i upon the observable V i + U i . In the cost function case, it takes a value between one and infinity. In contrast to the cost efficiency defined in Coelli, Rahman and Thirtle (2002), the larger "cost" efficiency relative to a cost frontier denotes a more inefficient farm production with the assumed allocative efficiency. To be consistent with the efficiency measurements in other methods, inversing the "cost" efficiency relative to a cost frontier yields a comparable cost efficiency to efficiency in deterministic methods.
Using maximum likelihood estimates of FRONTIER 4.1, the cost functions expressed in thousands of dollars are estimated in Table 2 . Without imposing curvature, the only significant parameter is the one of the linear term β 1 . However, with curvature being imposed, the significant parameters become the intercept β 0 and the one of quadratic term β 2 . Moreover, the log-likelihood absolute values are bigger than the case without imposed curvature. In comparison with the estimation results of OLS, the difference in β 2 is very minor and significant difference lies in the intercepts.
The production frontier is plotted in Figure 1 as "StochFront." For comparison, the production frontier without correctly imposed curvature is denoted as "StochFrontwo,"
which is a straight line. With imposed curvature, the stochastic frontier cost function shows the biggest cost value in all functions. The cost amounts in Table 3 inputs and takes value from 1 to 9. i from 1 to 183 denotes 183 farms. z is an intensity i-vector for each farm, which denotes the extent to which the farm affects the aggregate efficiency by using its technology. The variable z constructs the frontier technology set.
Nonparametric Production Analysis
z i is the intensity variable assigned to firm i from the vector of intensity variable z in the construction of the piece-wise linear frontier on which the data is based. With z i assumed to be greater than or equal to zero, the minimum cost under variable returns to scale can be computed by linear programming.
The minimum cost under constant returns to scale can be computed in a similar linear programming by releasing the restriction on the intensity factor summed up to one:
The variable returns to scale cost function is drawn as a nonlinear form, denoted by "NonTv" in Figure 1 , whereas the constant returns to scale cost function is drawn as straight lines starting from the origin under "NonTv" function, denoted by "NonTc."
The cost amounts under various measurement methods are found in Table 3 . Without exception, the cost values of nonparametric method are greater than their corresponding measurements in deterministic parametric method.
Efficiency Analysis
Based on above results, the scale efficiency, overall efficiency and economic efficiency can be measured as follows: scale efficiency for the cost functions measures the extent to which a farm is producing of an efficient scale.
Scale efficiency is measured on whether the farm is of the most efficient size or operating on an optimum scale. From cost perspective, it is denoted as dividing the minimum cost under constant returns to scale by the minimum cost under variable returns to scale.
When scale efficiency is not equal to one, the farm is not in a constant returns to scale operation.
Overall efficiency is measured by the minimum cost of producing y, given input prices w under constant return to scale technology, which can be solved in parametric and linear programming depicted in above subsections, in comparison with the actual cost for producing y.
Economic efficiency (or cost efficiency defined in Coelli, Rahman and Thirtle 2002) means a unit of good is produced at the lowest possible cost, or the maximum output can be produced given certain inputs.
Overall and economic inefficiency are due to farms' producing above the cost frontiers. Changing the input categories from nine back to original 24 input categories, the invariance of efficiency to input dimensionality can be verified through a linear reprogramming in General Algebraic Modeling System (GAMS). Economic efficiency, scale efficiency and overall efficiency results are invariant to the number of inputs or the dimensionality. Only allocative and pure technical efficiency measures depended on the dimensionality. As table 3 are greater than mean economic efficiency estimates using nonparametric method.
In terms of economic efficiency indicator, without exception, there is no fully efficient farm from curvature imposed stochastic frontier method. In 2007, the average economic efficiency in deterministic parametric method is 0.17 with two fully efficient farms, and in nonparametric method mean economic efficiency is 0.29 with three fully efficient farms.
There are two identical fully efficient farms with one extra full efficient farm in nonparametric method. In 2006, the average economic efficiency in nonparametric method is 0.48 with two fully efficient farms and four farms defining the frontier but in deterministic parametric method, the average economic efficiency is 0.21 without fully efficient farms. on nonparametric efficiency and stochastic frontier efficiency measures Table 5 reports the regressing scale efficiency on overall, economic efficiency measures in 2006. The common result is that the negative coefficients of economic efficiency in both methods for all years, which means a trade-off between scale efficiency and economic efficiency. Scale efficiency and overall efficiency compliment each other in explanation.
This is explained by the fact that scale efficiency can also be obtained by dividing overall efficiency with economic efficiency. Table 5 also indicates the parametric economic efficiency is highly positively correlated with cost efficiency, which means the cost efficiency in stochastic frontier method after being inversed measures efficiency. Imposing curvature on the stochastic frontier improves the results by enhancing the correlation between both parametric methods.
2.
Results of correlation analysis on parametric, nonparametric and cost efficiency measures Table 6 shows the correlation of all efficiency measures in respective years. Interpreting The efficiency measures from the deterministic parametric method are smaller than those from the deterministic nonparametric method. In most cases, the stochastic frontier cost efficiency are greater than the economic efficiency in the deterministic nonparametric method. Generally, there is a trade-off between scale efficiency and economic efficiency.
In deterministic nonparametric method, the economic efficiency, scale efficiency and overall efficiency results are invariant to the number of inputs or the dimensionality. 
